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METHODS FOR DNA AMPLIFICATION AND KITS THEREFOR 




TECHNICAL FIELD 

The present invention relates to a method for 
amplifying DNA, particularly to RT-PCR method capable of 
selectively amplifying only a nucleotide sequence 
corresponding to RNA even in admixture of DNAs , and to a 
kit usable for the method for amplifying DNA. 



BACKGROUND ART 

A method for amplifying DNA, particularly polymerase 
chain reaction (PCR) method, is a technique for simply 
amplifying a desired nucleic acid fragment in vitro, and 
presently has been an indispensable experimental method in 
a wide variety of fields of biology, medicine, agriculture, 
and the like, as well as in the studies relating to genes. 
PCR method is originally a technique for amplifying DNA, 
and there has been developed PCR method for amplifying a 
DNA fragment having a nucleotide sequence corresponding to 
RNA, which is so-called RT-PCR method. The method is a 
method for specifically amplifying cDNA derived from RNA, 
comprising synthesizing a DNA transcriptional product 
which is complementary to RNA (cDNA) by using a reverse 



transcriptase having a RNA- dependent DNA polymerase 
activity, namely a reverse transcription activity, wherein 
the reverse transcriptase is a kind of a DNA polymerase, 
or using a DNA polymerase also having a reverse 
transcription activity, and subsequently carrying out PGR 
by the use of the resulting transcription product as a 
template. Aside from the fact that RT-PCR method is 
utilizable for cloning of cDNA derived from mRNA and for 
preparation of a cDNA library, it is also useful as a 
method for examining an expression state of a particular 
mRNA. 

However, when DNA is admixed in an RNA sample to be 
used in RT-PCR, since products in which a certain region 
on DNA encoding RNA and a pseudogene are used as templates 
for PGR are simultaneously amplified, it would be 
difficult to selectively obtain only the amplified product 
by the use of RNA as a template. In order to prevent the 
formation of an amplified product derived from DNA admixed 
in such an RNA sample, it would be necessary to use a 
purified RNA as a sample, or to use a sample in which an 
admixed DNA is removed by DNA degradation enzyme treatment, 
or the like, thereby making its procedures complicated. 

As a method for solving this problem, there has been 
proposed a method for selectively amplifying a DNA 
fragment derived from cDNA which is complementary to RNA, 



comprising synthesizing an RNA-cDNA double- stranded 
nucleic acid of which Tm value, i.e. melting temperature, 
is low, by the reverse transcription reaction in the 
presence of a nucleotide analog dITP, and further carrying 
out PGR reaction at a low- temperature of denaturation 
temperature in the presence of the same nucleotide analog, 
thereby suppressing the amplification of a product caused 
by DNA admixed in a sample [Nucl. Acids Res. 24, 5021-5025 
(1996)]. However, this method needs to change the amount 
of dITP and the reaction temperature depending upon a GC 
content of an amplified nucleotide sequence, thereby 
making it difficult to find the optimal conditions. 
Further, it is not satisfactory in its reactivities, and 
in some cases selective amplification does not take place 
depending on a target nucleotide sequence. 

DISGLOSURE OF INVENTION 

In view of overcoming the defects in the prior art, 
an object of the present invention is to provide a method 
for amplifying DNA capable of selectively obtaining only a 
DNA fragment having the nucleotide sequence corresponding 
to RNA even in admixture of DNA, the method having 
excellent wide utility, reproducibility and detection 
sensitivity. 

The present inventors have elucidated that one of the 



problems of the method using the above nucleotide analog 
resides In that It has been difficult to set temperature 
conditions such that an RNA-cDNA double -stranded nucleic 
acid comprising a template RNA and cDNA to which a 
nucleotide analog Is Incorporated Is denatured, and that a 
usual double- stranded DNA Is not denatured. Moreover, 
they have found that this problem can be solved by adding 
a compound for lowering Tm value of an RNA-cDNA double - 
stranded nucleic acid during DNA amplification reaction, 
the compound including, for instance, formamlde, and the 
like. 

Further, the present Inventors have considered that 
another problem of the above method is that the 
incorporation of a nucleotide analog into the DNA strand 
synthesized in the above method is affected by a 
nucleotide sequence of a target RNA, particularly by Its 
GC content. The present Inventors have found that DNA 
amplification takes place with excellent reproducibility 
regardless of the GC content of a target RNA by adding to 
the reaction mixture two or more kinds of nucleotide 
analogs to be Incorporated into DNA at a given frequency, 
and the present invention has been completed thereby. 

In sum, the present invention is concerned with: 
[1] a method for amplifying a DNA by the use of a DNA 
fragment comprising a nucleotide analog as a template in 
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the presence of nucleotide analogs, characterized in that 
the method for amplifying a DNA is carried out in the 
presence of two or more kinds of nucleotide analogs or in 
the presence of a compound for lowering Tm value of a 
5 double- stranded nucleic acid; 

[2] a method for amplifying a DNA by the use of a DNA 
fragment comprising a nucleotide analog as a template in 
the presence of nucleotide analogs, characterized in that 
the method for amplifying a DNA is carried out in the 
10 presence of one or more kinds of nucleotide analogs and a 
compound for lowering Tm value of a double- stranded 
nucleic acid; 

[3] a kit for amplifying a DNA in the presence of a 
nucleotide analog by the use of a DNA fragment comprising 
15 a nucleotide analog as a template, characterized in that 

the kit comprises two or more kinds of nucleotide analogs 
or a compound for lowering Tm value of a double -stranded 
nucleic acid; and 

[4] a kit for amplifying a DNA in the presence of a 
20 nucleotide analog by the use of a DNA fragment comprising 

a nucleotide analog as a template, characterized in that 
the kit comprises one or more kinds of nucleotide analogs 
and a compound for lowering Tm value of a double- stranded 
nucleic acid. 

25 
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BEST MODE FOR CARRYING OUT THE INVENTION 

One of the great features of the method for 
amplifying a DNA of the present Invention resides in that, 
in the method for amplifying a DNA by the use of a DNA 
5 fragment comprising a nucleotide analog as a template, the 

method being carried out in the presence of nucleotide 
analogs, the method for amplifying DNA is carried out in 
the presence of two or more kinds of nucleotide analogs 
and/or in the presence of a compound for lowering Tm value 
10 of a double- stranded nucleic acid. 

In the method of the present invention, as a DNA 
fragment to be used as a template for amplification 
reaction, there can be used cDNA prepared by reverse 
transcription reaction by the use of RNA as a template in 
15 the presence of one or more kinds of nucleotide analogs. 

The reverse transcription reaction may be carried out in 
further presence of a compound for lowering Tm value of a 
double- stranded nucleic acid. 

A sample comprising RNA to which the method of the 
20 present invention can be applied is not particularly 

limited- Examples thereof include biologically derived 
samples such as cells, tissues and blood, and samples 
having possibility of containing organisms, the samples 
including foods, soils and wastewater. In addition, a 
25 nucleic acid-containing preparation obtainable by treating 
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the above samples by a known method may be also used. As 
the preparations , there can be used in the present 
invention, for instance, samples obtainable from cell 
disrupted products or fractionated products thereof, 
5 samples rich in whole RNAs , or particular RNA molecules, 

for instance, mRNA in the samples, and the like. 
Incidentally, DNA corresponding to RNA can be selectively 
amplified in these samples without being affected from 
fi coexisting DNAs , even if DNAs were contained in these 

10 samples. In addition, there may be used samples from 

i. li 

In which DNA is removed by a known method. 

=3 The RNA to be amplified by the method of the present 

■[^ invention is not particularly limited. Examples thereof 

include an RNA molecule such as whole RNA, mRNA, tRNA and 

il J 

'll 15 rRNA, or a particular RNA molecule, including a given RNA 

"'"^ that can be used to prepare a primer used in reverse 

transcription and amplification reactions. For instance, 
as long as the presence or absence of the target RNA and 
the increase or decrease in its level indicate a 
20 particular disease, the diagnosis of the disease can be 

made by the method of the present invention. In addition, 
the presence of a microorganism in a sample can be 
detected by using the microorganism-specific RNA as a 
target. The used amount of RNA to be amplified in one 
25 reverse transcription reaction may be preferably an amount 
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sufficient for carrying out reverse transcription reaction. 
For instance, from the viewpoint of the sensitivity, the 
amount is preferably 0,1 |xg or more, more preferably 0.5 
\ig or more, and from the viewpoint of the reaction 
5 inhibition, the amount is preferably 2 \ig or less, more 

preferably 1 \xg or less. 

The primer used in cDNA synthesis from a target RNA 
in the present invention is an oligonucleotide having a 
nucleotide sequence complementary to the target RNA, and 
10 the primer is not particularly limited as long as it 

anneals against the target RNA in operable reaction 
conditions. The primer may be oligonucleotides such as 
oligo(dT) and oligonucleotide (random primer) having a 
random sequence. 

15 The length of the primer is preferably 6 nucleotides 

or more, more preferably 10 nucleotides or more, from the 
viewpoint of carrying out specific annealing, and the 
length is preferably 100 nucleotides or less, more 
preferably 30 nucleotides or less, from the viewpoint of 

20 the oligonucleotide synthesis. The oligonucleotide can be 

synthesized by, for instance, phosphoamidite method using 
DNA Synthesizer Model 394 manufactured by ABI (Applied 
Biosystems Inc.). Besides the above, oligonucleotides 
synthesized by any of methods such as triphosphate method, 

25 H-phosphonate method and thiophosphite method may be used. 
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In addition, it may be biological sample -derived 
oligonucleotides, including, for instance, those prepared 
by isolating from a restriction endonuclease digest of 
DNAs prepared from the sample. The used amount of the 
5 primer in a reverse transcription reaction mixture may be 

an amount sufficient for carrying out cDNA synthesis from 
a target RNA. From the viewpoint of the synthesis 
efficiency, the amount is preferably 0-1 fxM or more, more 
preferably 0.5 \jM or more, and from the viewpoint of the 

10 reaction inhibition, the amount is preferably 10 \iM or 

less, more preferably 5 [oM or less. 

In addition, the primer used in amplification 
reaction of DNA (PGR) is also not particularly limited, as 
long as the primer can be used in amplification of DNA by 

15 the use of cDNA corresponding to a target RNA as a 

template, and various oligonucleotides similar to ones 
mentioned above can be used. The primer used in the cDNA 
synthesis from the above target RNA may be used in the 
amplification reaction of DNA. The used amount of the 

20 above primer in a PGR mixture may be an amount sufficient 

for carrying out synthesis for double- stranded DNA by the 
use of a template cDNA obtained from a target RNA as a 
template. From the viewpoint of the synthesis efficiency, 
the amount is preferably 0.05 [xM or more, more preferably 

25 0 . 1 jxM or more, and from the viewpoint of the reaction 
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specificity, the amount is preferably 2 fxM or less, more 

preferably 1 j>iM or less. 

The enzyme having a reverse transcription activity 

usable in the present invention is not particularly 
5 limited, as long as the enzyme has a cDNA synthesizing 

activity by the use of RNA as a template. For instance, 

there can be included reverse transcriptases of various 

origins, including avian myeloblastosis virus-derived 
□ reverse transcriptase (AMV-RTase), Moloney's mouse 

-S 10 leukemia virus-derived reverse transcriptase (MMLV-RTase ) , 

v1 Raus- associated virus 2 -derived reverse transcriptase 

=^ (RAV-2-RTase) , and the like. Besides the above, DNA 

;^ polymerases also having a reverse transcription activity 

can be used. For instance, there can be used Thermus 

I' ^ 

15 t^iermopiill US- derived DNA polymerase (Tth DNA polymerase). 

Bacillus caldoteiaax- derived DNA polymerase (Bca DNA 
polymerase), and the like. AMV-RTase or RAV-2-RTase is 
preferable. These enzymes may be any of those obtained by 
purifying from the natural origins, or recombinant 

20 proteins produced by genetic engineering means . The used 

amount of the enzyme having a reverse transcription 
activity may be an amount sufficient for carrying out 
reverse transcription reaction. 

One of the great features of the method for 

25 amplifying a DNA of the present invention resides in that 
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DNA amplification reaction is carried out by the use of 
cDNA formed by the reverse transcription reaction as a 
template, thereby amplifying the DNA. As DNA 
cimplif ication reaction, PGR method (Japanese Examined 
Patent Publication Nos . Hei 4-67957 and 4-67960) is 
preferably used. 

As DNA polymerases usable in PGR method, various 
thermostable DNA polymerases can be used, including, for 
instance, Thermus tlier/nopiill us -derived DNA polymerase (Tth 
DNA polymerase), Thermus aguatlcus-derived DNA polymerase 
(Taq DNA polymerase), Pyrococcus furlosus- derived DNA 
polymerase (Pfu DNA polymerase) , and other thermostable 
DNA polymerases . These enzymes may be used alone or in 
admixture. These enzymes may be any of proteins obtained 
by purifying from the natural origins, or recombinant 
proteins produced by genetic engineering means. 

In addition, when a DNA polymerase also having the 
reverse transcription activity mentioned above is used as 
a reverse transcriptase, since the same DNA polymerase can 
be reused also in PGR reaction, the reverse transcription 
reaction and the PGR reaction can be carried out by using 
a single reaction tube. 

The amount of the DNA polymerase may be an amount 
usually employed when polymerase reaction is carried out . 
The nucleotide analog described in the present 
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specification refers to a substance other than dATP, dCTP, 
dGTP or dTTP, wherein the substance is incorporated into 
cDNA freshly synthesized in cDNA synthesis reaction by the 
use of RNA as a template and in DNA amplification reaction 
by the use of the cDNA as a template, and does not cause 
to stop the reaction. Particularly, there can be used in 
the present invention nucleotide analogs having a property 
of lowering Tm value of DNA by incorporation of these 
nucleotide analogs. The nucleotide analog used in the 
present invention is not particularly limited, and there 
can be used 7-Deaza-dGTP, 7-Deaza-dATP , dITP, 
hydroxymethyl dUTP, and the like. 

In cDNA synthesis and DNA amplification using one 
kind of a nucleotide analog, the incorporation frequency 
of a nucleotide analog may be affected depending upon the 
GC content of RNA to be targeted in some cases . For 
instance, dITP is incorporated in a DNA strand in place of 
dGTP, and there may be some cases where the higher the GC 
content of a target RNA, the more its incorporation 
frequency, even under the same reaction conditions. In 
the present invention, the conditions for selective 
amplification of a product corresponding to an RNA can be 
easily set by using two or more kinds of appropriate 
nucleotide analogs in combination, so that the combined 
incorporation frequency of these nucleotide analogs is not 
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be influenced by the GC content of the target RNA, 

The combination of nucleotide analogs as described 
above is not particularly limited, and two or more kinds 
of nucleotide analogs which are likely to be incorporated 
5 uniformly can be used in appropriate combination. For 

instance, there can be used in the present invention a 
combination of a nucleotide analog to be incorporated in a 
DNA strand in place of dATP or dTTP with a nucleotide 
analog to be incorporated in a DNA strand in place of dCTP 

10 or dGTP. In particular, a combination of 7-Deaza-dATP and 

7-Deaza-dGTP can be preferably used. 

The content of a nucleotide analog in a reverse 
transcription reaction mixture is preferably 50 jxM or more, 
more preferably 55 (xM or more, from the viewpoint of 

15 sufficiently exhibiting an effect of lowering Tm value, 

and the content is preferably 1.5 mM or less, more 

preferably 200 [xM or less, from the viewpoint of the 
reaction efficiency. In this case, it is desired that the 
content of dNTP is 200 |xM or more and 1 mM or less, 

20 respectively. 

The content of a nucleotide analog in a reaction 
mixture for PGR is preferably 10 \iM or more, more 
preferably 11 |aM or more, from the viewpoint of 
sufficiently exhibiting an effect of lowering Tm value, 

25 and the content is preferably 1.5 mM or less, more 
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preferably 200 \iM or less, from the viewpoint of the 
reaction efficiency. In this case, it is desired that the 
content of dNTP is 200 [iM or more and 1 mM or less, 
respectively . 

5 In the present specification, the term "a compound 

for lowering Tm value of a double-stranded nucleic acid" 
refers to a substance other than that incorporated in a 
nucleic acid as a substrate during cDNA synthesis and DNA 
amplification reaction, which acts to lower a dissociation 

10 temperature {Tm value) for denaturing a double- stranded 

nucleic acid into a single strand in the presence of the 
substance, the double-stranded nucleic acid including, for 
instance, a double- stranded DNA, an RNA-DNA double- 
stranded nucleic acid constituted by RNA and DNA, or the 

15 like . As such compounds , there can be used organic 

solvents such as formamide and dimethyl sulfoxide (DMSO) 
and amphoteric electrolytes (betains) represented by 
trimethyl glycine. In particular, formamide is preferably 
used in the present invention because it is said not to 

20 give mal-affects to the extension activity of a DNA 

polymerase. In addition, these compounds can be used in 
admixture of two or more kinds. For instance, favorable 
results can be obtained by using formamide and dimethyl 
sulfoxide in combination. 

25 In addition, even if the nucleotide analog were a 
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single kind, there are some cases where there is no 
influence by the GC content depending on the kind of RNA 
used as a template. In such a case, more favorable 
results can be obtained by further using a compound for 
5 lowering Tm value of a double -stranded nucleic acid, and 

such an embodiment is also within the scope of the present 
invention . 

The content of a compound for lowering Tm value of a 
double -stranded nucleic acid in a reverse transcription 

10 reaction mixture is preferably 20% by weight or less, more 

preferably 10% by weight or less, from the viewpoint of 
the reaction inhibition. In addition, during PGR reaction, 
the content of the compound in a reaction mixture for PGR 
is preferably 0.5% by weight or more, more preferably 1% 

15 by weight or more , from the viewpoint of lowering Tm value , 

and the content is preferably 20% by weight or less, more 
preferably 15% by weight or less, from the viewpoint of 
the reaction inhibition. 

Goncretely, when formamide is used, the content of 

20 formamide in a reverse transcription reaction mixture is 

preferably 20% by weight or less, more preferably 10% by 
weight or less, from the viewpoint of the reaction 
inhibition. In addition, the content of formamide in a 
reaction mixture for PGR is preferably 1% by weight or 

25 more, more preferably 1.5% by weight or more, from the 
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viewpoint of lowering Tm value, and the content is 
preferably 20% by weight or less, more preferably 15% by 
weight or less, from the viewpoint of the reaction 
inhibition . 

Reverse transcription from RNA to cDNA is carried out 
in a reaction mixture comprising a sample containing a 
target RNA, a primer which is an oligonucleotide having a 
sequence complementary to the target, four kinds of 
deoxynucleotide triphosphates , an enzyme having a reverse 
transcription activity and at least one kind of a 
nucleotide analog. By this reaction, DNA having a 
nucleotide sequence complementary to the target RNA 
sequence mentioned above (cDNA) comprising a nucleotide 
analog can be synthesized. In addition, the resulting 
template RNA-cDNA double -stranded nucleic acid to be 
formed from cDNA and the target RNA has lower Tm value, as 
compared to that of a double- stranded nucleic acid without 
containing a nucleotide analog. For instance, there is 
exhibited an excellent property of dissociating into a 
single strand at a lower temperature, as compared to a 
usual double- stranded DNA without containing a nucleotide 
analog . 

Next, a DNA fragment derived from cDNA can be 
amplified by carrying out the DNA amplification reaction, 
including, for instance, PGR, by the use of cDNA mentioned 
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above as a template. In this case, there can be 
selectively amplified a DNA fragment corresponding to cDNA, 
i.e. a DNA fragment corresponding to a target RNA, by 
carrying out DNA amplification reaction in the presence of 
5 a nucleotide analog under conditions that the template 

RNA-cDNA double -stranded nucleic acid mentioned above is 
denatured, and that a double- stranded DNA without 
containing a nucleotide analog admixed in a reaction 
mixture is not denatured, the conditions including, for 

10 instance, in PGR, setting a temperature for denaturation 

process. However, when various RNAs having different 
nucleotide sequences and chain lengths are used as targets, 
since the incorporation frequency of a nucleotide analog 
during the reverse transcription reaction varies depending 

15 on each target RNA, it may be difficult in some cases to 

set generalized conditions. In such a case, the 
conditions in which the selective cimplif ication mentioned 
above takes place can be easily set by further adding to a 
DNA amplification reaction mixture a compound for lowering 

20 Tm value of a double- stranded nucleic acid as described 

above, including, for instance, formamide. For instance, 
when PGR is carried out by adding formamide to have a 
final concentration of 1% by weight to 20% by weight, only 
the amplified product corresponding to RNA can be obtained 

25 by setting a denaturation temperature of 80° to 85°C. 
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Concretely, in the embodiment of the method for amplifying 
a DNA of the present invention, the method is carried out 
in a DNA amplification reaction mixture in the presence of 
two or more kinds of nucleotide analogs or in the presence 
5 of a compound for lowering Tm value of a double-stranded 

nucleic acid. Particularly, an embodiment in which a 
nucleotide analog and a compound for lowering Tm value are 
coexistent is preferable. In this case, a nucleotide 
analog existing therein may be one or more kinds. A 

10 nucleotide analog is added to have the concentration 

mentioned above when a reaction mixture for PGR is 
prepared. When a reaction mixture for PGR is prepared by 
taking a part of the solution obtained after reverse 
transcription reaction, there may be used as a reaction 

15 mixture for PGR by adding only the components other than a 

nucleotide analog to the mixture, as long as a necessary 
amount of the nucleotide analogs is contained in the 
reverse transcription reaction mixture. 

In the method of the present invention, cDNA 

20 synthesis reaction by the use of RNA as a template and DNA 

amplification reaction by the use of the cDNA as a 
template can be consecutively carried out using the same 
reaction mixture. In this case, a reaction mixture 
comprising both an enzyme having a reverse transcription 

25 activity and a DNA polymerase usable in PGR is used. Such 
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a reaction mixture can be prepared by a known method and 
used [Bio Techniques 18, 678-687 (1995)]. Further, the 
same enzyme as that used in reverse transcription reaction 
can be also used for cDNA synthesis reaction and DNA 
5 amplification reaction by using a thermostable DNA 

polymerase having a reverse transcription activity. 

The kit of the present invention is a kit usable for 
the above method, wherein the kit is capable of 
selectively amplifying DNA having a nucleotide sequence 

10 corresponding to RNA. Such a kit includes ones comprising 

one or more kinds of nucleotide analogs and a compound for 
lowering Tm value of a double- stranded nucleic acid, or 
ones comprising two or more kinds of nucleotide analogs or 
a compound for lowering Tm value of a double- stranded 

15 nucleic acid. Among them, the kit comprising two or more 

kinds of nucleotide analogs and a compound for lowering Tm 
value of a double- stranded nucleic acid is particularly 
preferable. The kit may comprise an enzyme having reverse 
transcriptase activity, a reaction buffer used in the 

20 enzyme reaction, a DNA polymerase usable in the DNA 

amplification reaction, and other reagents. In addition, 
the nucleotide analogs and the compound for lowering Tm 
value of a double- stranded nucleic acid mentioned above 
may be in a state of being added to a reaction buffer, or 

25 the like, to have an appropriate concentration upon use. 
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By using such a kit, it is made possible to easily carry 
out selective amplification of only the DNA fragment 
having a nucleotide sequence corresponding to RNA from the 
RNA sample admixed with DNA. 

5 

EXAMPLES 

Next, the present invention will be described more 
concretely by means of the working examples , without 
intending to restrict the scope of the present invention 
10 to these working examples. 

Example 1 ; Preparation of RNA and DNA 

Each of RNAs and DNAs used in the following 
experiment was prepared respectively from human cultured 

15 cells HL-60 (ATCC CRL-1964) or human cultured cells HT-29 

(ATCC HTB-38), respectively, using a TRIzol Reagent 
(manufactured by LIFE TECHNOLOGIES) in accordance with the 
procedures described in manual attached to the reagent . 
RNA derived from human cultured cells HL-60 had purity 

20 OD260/OD280 of 1.8 or more, and DNA had purity OD260/OD280 of 

1.7 or more. In addition, RNA derived from human cultured 
cells HT-29 had purity OD260/OD280 of 1.8 or more, and DNA 
had purity OD260/OD280 of 1.7 or more. 
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Example 2; RT-PCR for various RNAs as Target 
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Selective amplification was tried with mRNAs having 
different chain lengths and GC contents as targets- There 
were selected as targets a region consisting of 621 bases 
(GC content: 38%) in transferrin receptor mRNA, a region 
consisting of 252 bases (GC content: 45%) in cytokeratin 
mRNA, and a region consisting of 275 bases (GC content: 
58%) in p-actin mRNA. In the amplification of the 
transferrin receptor mRNA and the p- act in mRNA, RNA 
derived from human cultured cells HL-60 was used as a 
template, and in the amplification of the cytokeratin mRNA, 
RNA derived from human cultured cells HT-29 was used as a 
template , respectively . 

As the primers for amplifying the above targets, 
primer P5 and primer P6 (SEQ ID NOs : 1 and 2 of Sequence 
Listing show the nucleotide sequences for each of primer 
P5 and primer P6) were synthesized for transferrin 
receptor; primer PI and primer P2 (SEQ ID NOs: 3 and 4 of 
Sequence Listing show the nucleotide sequences for each of 
primer PI and primer P2) were synthesized for cytokeratin; 
primer P7 and primer P8 (SEQ ID NOs: 5 and 6 of Sequence 
Listing show the nucleotide sequences for each of primer 
P7 and primer P8) were synthesized for p-actin, 
respectively . 

Twenty microliters of a reverse transcription 
reaction mixture comprising 50 ng of RNA, or 50 ng of DNA, 
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and oligo dT adaptor primer attached to the kit was 
prepared by using RNA PGR Kit (AMV) Ver. 2.1 (manufactured 
by Takara Shuzo Co., Ltd.). The substrate nucleotides had 
seven kinds of compositions: One having the composition 
5 as described in the kit manual (Reaction Mixture 1); one 

in which dGTP was substituted by a mixture of dGTP and 
dITP (manufactured by Boehringer Mannheim) having each of 
the compositions shown in Table 1 (Reaction Mixtures 2 to 
6, shown in Table 1); and one having the composition of 
10 Reaction Mixture 1 added with 62.5 liM each of 7-Deaza-dATP 

and 7-Deaza-dGTP (both manufactured by Boehringer 
li Mannheim) (Reaction Mixture 7). Each of these reaction 

mixtures was set on PGR Thermal Cycler PERSONAL 
(manufactured by Takara Shuzo Co., Ltd.), and reverse 
15 transcription reaction was carried out at SO^C, 20 minutes 

- S^C , 5 minutes . 
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Table 1 











dGTP 


dITP 




Reaction 


Mixture 
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.75 mM 


0. 


25 


mM 


Reaction 


Mixture 
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.5 mM 


0. 
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mM 


Reaction 


Mixture 


4 
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mM 


1 




mM 


Reaction 


Mixture 


5 


0 


.5 mM 


1. 


5 


mM 


Reaction 


Mixture 


6 


0 


.25 mM 


1 . 


75 


mM 



The reaction mixture for PGR containing the primer 
5 pairs corresponding to each target mRNA was then prepared 

by using the above kit. Further, there were also prepared 
reaction mixtures by adding formamide to each of the 
reaction mixtures for PGR (the concentrations of formamide 
in each of the reaction mixtures for PGR being 6.25% by 

10 weight for transferrin receptor, 7.5% by weight for 

cytokeratin, and 13.75% by weight for p-actin) . To the 
solution obtained after the reverse transcription reaction 
mentioned above was added 80 ^il of these reaction mixtures, 
to make up a total volume of 100 [il of the reaction 

15 mixture. The resulting mixture was set on PGR Thermal 

Gycler PERSONAL, and 30 cycles of PGR were carried out, 
one cycle consisting of 82*0, 1 minute - 45^*0, 1 minute - 
72^:, 1 minute. 

Eight microliters of the reaction mixture obtained as 

20 above was subjected to 3% agarose gel electrophoresis 
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using NuSieve 3:1 Agarose (manufactured by FMC) . The 
amount of the product in each reaction mixture after 
termination of reaction was evaluated by subjecting the 
agarose gel after electrophoresis to ethidium bromide 
5 staining and comparing the fluorescence intensity emitted 

by ultraviolet ray irradiation. Of the obtained results, 
□ those in which RNA was added as a template in the reverse 

:=S transcription reaction mixture are shown in Table 2. 

i ^ 

-1 10 



15 



20 



25 
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Mixture 2 








Reaction 


— 






Mixture 3 








Reaction 




+ + 




Mixture 4 








Reaction 




± 




Mixture 5 








Reaction 








Mixture 6 








Reaction 








Mixture 7 
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— : No amplification was found. 

±z Slight amplification was found. 

+: Some amplification was found. 

++: Strong amplification was found. 

When PGR was carried out in a reaction system in 
which formamide was not added, only a slight amount of an 
amplified product was obtained in very limited reaction 
mixtures , whereas in a reaction system in which formamide 
was added, amplified products could be obtained for any of 
target RNAs by using Reaction Mixture 4 in the reverse 
transcription reaction. Further, in a reaction system in 
which formamide was added, amplified products could be 
obtained for all of the target RNAs by using Reaction 
Mixture 7 comprising two kinds of nucleotide analogs . In 
addition, when the target was cytokeratin, a desired 
amplified product could not be obtained when formamide was 
added during PGR without using a nucleotide analog. 
Incidentally, when DNA was added as a template to the 
reverse transcription reaction mixture, the amplified 
products could not be obtained, regardless of the 
compositions of the reaction mixtures. 

It was shown from these results that various DNA 
fragments derived from RNAs can be efficiently amplified 
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under given temperature conditions when PGR was carried 
out by adding formamide during PGR and using as a 
nucleotide analog a given amount of dITP or a given amount 
of a combination of 7-Deaza-dATP and 7-Deaza-dGTP . In 
5 addition, since amplification does not take place under 

these conditions by the use of DNA as a template, it was 
also elucidated that DNA fragments by the use of RNA as a 
template were selectively amplified - 



10 Example 3 : Gomparison of Gombinations of Nucleotide 

Analogs 

The following experiment was carried out with a 
region of about 2 kb in human transferrin receptor mRNA as 
a target . 

15 Twenty microliters of a reverse transcription 

reaction mixture comprising 50 ng of RNA derived from 
human HL-60 cells, or 50 ng of DNA and the above primer P4 
(SEQ ID NO: 7 of Sequence Listing shows the nucleotide 
sequence of primer P4), and the following nucleotide 

20 analogs, each at a concentration of 62.5 ^iM, was prepared 

by using RNA PGR Kit (AMV) Ver. 2.1, 



Reaction Mixture 1: 7-Deaza-dGTP 
Reaction Mixture 2: 7-Deaza-dATP 
25 Reaction Mixture 3: dITP 
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Reaction Mixture 4: dITP, 7-Deaza-dATP 
Reaction Mixture 5: 7-Deaza-dGTP , 7-Deaza-dATP 

Each of these reaction mixtures was set on PGR 
5 Thermal Cycler PERSONAL, and the reverse transcription 

reaction was carried out under the conditions of SO'C, 20 
minutes - 5*C , 5 minutes . 

A reaction mixture for PGR comprising primer P4 and 
primer P9 (SEQ ID NO: 8 of Sequence Listing shows the 

10 nucleotide sequence of primer P9) was prepared by using 

RNA PGR Kit mentioned above. Eighty microliters of the 
reaction mixture was added to a solution obtained after 
the reverse transcription reaction as mentioned above to 
make up a total volume of the reaction mixture of 100 fxl, 

15 The resulting mixture was set on PGR Thermal Gycler 

PERSONAL, and 30 cycles of PGR were carried out, one cycle 
consisting of 84t:, 1 minute - 60X: , 30 seconds - 72*0, 2 
minutes . 

Eight microliters of the resulting reaction mixture 
20 was subjected to 1% agarose gel electrophoresis prepared 

with Agarose L03 (manufactured by Takara Shuzo Co., Ltd.). 
and evaluated in the same manner as in Example 2 . As a 
result, in all reaction conditions, only amplified 
fragments by the use of RNAs as templates were found, and 
25 the highest amplification efficiency was obtained when 
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Reaction Mixture 2 was used among reaction systems in 
which only one kind of the nucleotide analog was added. 
It was shown from the above results that the amplification 
efficiency differs depending upon the kinds of nucleotide 
5 analogs used. In addition, in Reaction Mixtures 4 and 5 

using two kinds of nucleotide analogs, both reaction 
mixtures showed higher amplification efficiency, as 
compared to any of the reaction systems in which one kind 
□ of the nucleotide analog was added. In addition, in the 

'= =,? 

10 reaction mixture to which DNA was added as a template, no 

amplified product was found regardless of the composition. 

:- r^s 

'^^ Example 4; RT-PCR Using Various Enzymes for Reverse 

Transcription Reaction 

15 Twenty microliters of a reverse transcription 

reaction mixture comprising 500 ng of RNA or 250 ng of DNA, 
each prepared from human HL-60 cells, and primer P4, and 
added with 7-Deaza-dATP and 7-Deaza-dGTP , each at a final 
concentration of 62.5 jLiM was prepared by using RNA PGR Kit 

20 (AMV) Ver. 2.1 (AMV-RTase) , BcaBEST RNA PGR Kit [Bacillus 

caldotenax- derived DNA polymerase (BcaBEST), manufactured 
by Takara Shuzo Go., Ltd.], or MMLV-RTase (manufactured by 
LIFE TEGHNOLOGIES) in accordance with the manual for each 
of the enzymes . Each of these reaction mixtures was set 

25 on PGR Thermal Gycler PERSONAL, and the reverse 
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transcription reaction was carried out under the following 
program. 

Program for Reverse Transcription Reaction 
5 AMV RTase: 50t:, 20 minutes - 5*C , 5 minutes 

BcaBEST: treating at 65X^ , 1 minute - 30^2, 

1 minute; thereafter, heating to 65*C over 
a period of 15 minutes; subsequently 6 5^0, 
i;3 15 minutes - 80t:, 2 minutes - 5°C , 

=S 10 5 minutes 

MMLV-RTase: 42X: , 50 minutes - 70X:, 15 minutes - 

i y 

;^ 5*C , 5 minutes 



;4 Subsequently, a reaction mixture for PGR was prepared 

'iZ 15 by using the solution obtained after the reverse 

transcription reaction. The reaction mixture for PGR 
comprising primers P4 and P3 (SEQ ID NOs : 7 and 9 of 
Sequence Listing show the nucleotide sequences of each of 
primer P4 and primer P3), the reaction mixture being 
20 further added with formamide was prepared by using BcaBEST 

RNA PGR Kit when the reverse transcription reaction was 
carried out using BcaBEST, or using RNA PGR Kit (AMV) Ver. 
2 . 1 when a reverse transcriptase other than BcaBEST was 
used, referring to the instruction manual for each kit. 
25 The concentration of formamide in the reaction mixture for 
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PGR was 2.5% by weight when BcaBEST RNA PGR Kit was used, 
or 6.25% by weight when RNA PGR Kit (AMV) Ver. 2.1 was 
used. Eighty microliters of each of these reaction 
mixtures for PGR was added to the solution after the 
5 reverse transcription reaction mentioned above to make up 

a total volume of 100 ^xl of a reaction mixture. The 
resulting reaction mixture was set on PGR Thermal Gycler 
PERSONAL, and 30 cycles of PGR were carried out, one cycle 
consisting of 82*C, 30 seconds - SOX^ , 30 seconds - 72*C, 1 

10 minute. 

After the termination of reaction, 8 jxl of the 
reaction mixture was taken and subjected to 1% agarose gel 
electrophoresis prepared with Agarose L03 (manufactured by 
Takara Shuzo Go., Ltd.), and evaluated in the same manner 

15 as in Example 2. As a result, regardless of the enzymes 

used, no amplified fragments were found in the reaction 
mixture in which DNA was added as a template. By contrast, 
amplified fragments of the same size (964 bp) were found 
in all of the reaction mixtures in which RNA was added . 

20 

Example 5: Application to RT-PGR by One Reaction Mixture 

RT-PGR in which the reverse transcription reaction 
and PGR are carried out in one reaction mixture was 
carried out with a region consisting of 252 bases in human 
25 cytokeratin mRNA as a target . 




32 



By using GeneAmp EZ rTth RNA PGR Kit (manufactured by 
Perkin-Elmer ) , three kinds of reaction mixtures, 
specifically (1) one having the composition as described 
in the kit manual; (2) the composition added with dITP at 
5 a final concentration of 300 \aM; and (3) the composition 

added with 7-Deaza-dATP and 7-Deaza-dGTP , at a final 
concentration of 150 |liM each, and formamide at a final 
concentration of 2% by weight were prepared. To each of 
the reaction mixtures were added primer PI and primer P2 
10 mentioned above, 1 [ig of RNA derived from human HT-29 

cells, and 0, 50, 100 or 200 ng of DNA derived from the 
cells. For each of the resulting reaction mixtures, RT- 
PGR was carried out under two patterns of the following 
conditions using PGR Thermal Gycler PERSONAL. 

15 

Gondition 1 : 

Reverse transcription reaction 
{eoX:, 30 minutes) 
Denaturation (94X3, 2 minutes) 
20 PGR (94t:, 30 seconds - 60t:, 

30 seconds - 12°C, 1 minute) 



once 
once 

30 cycles 
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Gondition 2 ; 

Reverse transcription reaction 
{eoXZ, 30 minutes) 



once 




Denaturation (82X3, 2 minutes) 



once 



PGR (82t:, 30 seconds - 60t:, 



30 cycles 



30 seconds - 12°C, 1 minute) 



t3 

:r 10 
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Eight microliters of each of the reaction mixtures 
for PGR as obtained above was subjected to 3% agarose gel 
electrophoresis using NuSieve 3:1 Agarose, and the formed 
amplified product was analyzed. As a result, under 
Condition 1, regardless of the composition of the reaction 
mixtures, DNA-derived amplified product (604 bp) appeared 
as well as RNA-derived amplified product (251 bp), and its 
amplification level was dependent on the concentration of 
DNA added. Under Condition 2, although not any of the 
amplified products could be obtained in the reaction 
mixture (1), only amplified products in which RNA was used 
as a template were obtained in the reaction mixtures (2) 
and (3). In this case, as compared to the reaction 
mixture (2), the reaction mixture (3) showed higher 
amplification efficiency . 

Example 6: RT-PGR Using Formamide and Dimethyl Sulfoxide 
in Combination 

The effects to RT-PGR were compared between a case 
where only formamide was added to a reaction mixture, and 
a case where formamide and dimethyl sulfoxide were added 
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to a reaction mixture. 

Each of the target mRNAs and the primers used for 
amplification were as follows: A region consisting of 275 
bases (GC content: 58%) in p-actin mRNA: primer P7 and 
5 primer P8; a region consisting of 325 bases (GC content: 

61%) in tumor necrosis factor (TNF) mRNA: primer PIO and 
primer Pll (SEQ ID NOs : 10 and 11 of Sequence Listing show 
the nucleotide sequences for each of primer PIO and primer 
□ Pll); and a region consisting of 448 bases in Mcl mRNA (GC 

10 content: 51%), apoptosis-associated cytokine: primer P12 

in and primer P13 (SEQ ID NOs: 12 and 13 of Sequence Listing 

=^ show the nucleotide sequences for each of primer P12 and 

primer P13) . 

By using One Step RNA PCR Kit (manufactured by Takara 
15 Shuzo Co., Ltd,)/ there was prepared a reaction mixture 

comprising 1 ^g of RNA derived from human culture cells 
HL-60 and a primer corresponding to each target mentioned 
above and added with 100 jitM each of V-Deaza-dGTP and 7- 
Deaza-dATP according to the manual of the kit. Further, 
20 in addition to this reaction mixture, ones in which 

formamide was added to have a final concentration of 2, 4, 
6, 8 or 10% by weight, respectively, to each reaction 
mixture, and one in which formamide was added to have a 
final concentration of 2% by weight and dimethyl sulfoxide 
25 was added to have a final concentration of 3% by weight to 
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the reaction mixture, i.e. seven reaction mixtures in 
total, were prepared against each of the targets. Each of 
the resulting reaction mixtures was set on PGR Thermal 
Cycler PERSONAL, and RT-PCR was carried out under the 
5 following conditions . 



Reverse transcription reaction once 
(50t:, 20 minutes) 

Denaturation {85*C, 2 minutes) once 
10 PGR {85t:, 1 minute - 45X:, 30 cycles 

1 minute - 72^0, 1 minute) 



Eight microliters of each of the reaction mixtures 
obtained as above was subjected to 3% agarose gel 
15 elctrophoresis using NuSieve 3:1 Agarose, and the formed 

amplified product was analyzed in the same manner as in 
Example 2 . The results thereof are shown in Table 3 . 



20 
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Table 3 



Target 


p-Actln 


TNr 


NCJL 


No addition of organic 








solvent 








Formaraide 2% by weight 


+ 






4% by weight 


+ 


± 


+ 


6% by weight 




+ 




8% by weight 


± 






10% by weight 








Formamlde 2% by weight and 




+ 4- 


+ + 



Dimethyl Sulfoxide 3% by 
weight 



— : No amplification was found. 
±: Slight amplification was found. 
+ : Some amplification was found. 
++: Strong amplification was found. 

As shown in Table 3, it was demonstrated that while 
the concentration of formamlde needs to be adjusted for 
each target RNA in order to obtain excellent amplification 
efficiency when using only formamlde, any of the targets 
are efficiently amplified with a single reaction mixture 
when formamlde was used in combination with dimethyl 
sulfoxide . 
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Example 7 ; Kit 

As the kit usable for the method for amplifying DNA 
of the present invention, there was prepared the following 
kit for 20 reactions. 



10 X Buffer for reverse transcription reaction 40 |xl 
100 mM Tris-HCl (pH 8.3) 
500 mM KCl 
100 mM MgCl2 
10 100 mM DTT 

500 \}M 7-Deaza-dGTP 
500 \iM 7-Deaza-dATP 
10 mM dNTP 



=i 15 AMV Reverse Transcriptase (5 U/^1) 20 ^1 

2 X Buffer for PGR Reaction 800 \xl 

20 mM Tris-HCl (pH 8.3) 
100 mM KCl 
20 5% by weight Formamide 

5% by weight Dimethyl Sulfoxide 

Taq DNA Polymerase (5 U/\xl) 20 ^^1 
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INDUSTRIAL APPLICABILITY 
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According to the present invention, DNA having a 
nucleotide sequence derived from RNA can be selectively 
amplified. By using the method of the present invention, 
a DNA fragment derived from RNA can be amplified without 
5 previously purifying RNA in a sample, thereby imparting 

simplification of the experimental procedures and 
improvement in reproducibility. 

'.i 10 
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